Abstract Findings from an increasingly large number of studies have been used to argue that attentional capture can be dependent on the learned value of a stimulus, or valuedriven. However, under certain circumstances attention can be biased to select stimuli that previously served as targets, independent of reward history. Value-driven attentional capture, as studied using the training phase-test phase design introduced by Anderson and colleagues, is widely presumed to reflect the combined influence of learned value and selection history. However, the degree to which attentional capture is at all dependent on value learning in this paradigm has recently been questioned. Support for value-dependence can be provided through one of two means: (1) greater attentional capture by prior targets following rewarded training than following unrewarded training, and (2) greater attentional capture by prior targets previously associated with high compared to low value. Using a variant of the original value-driven attentional capture paradigm, Sha and Jiang (Attention, Perception, and Psychophysics, 78, 403-414, 2016) failed to find evidence of either, and raised criticisms regarding the adequacy of evidence provided by prior studies using this particular paradigm. To address this disparity, here we provided a stringent test of the value-dependence hypothesis using the traditional valuedriven attentional capture paradigm. With a sufficiently large sample size, value-dependence was observed based on both criteria, with no evidence of attentional capture without rewards during training. Our findings support the validity of the traditional value-driven attentional capture paradigm in measuring what its name purports to measure.
Decades of research firmly support the idea that the automatic capture of attention is influenced by both the current goals of the observer (i.e., (goal)-contingent attentional capture; e.g., Folk, Remington, & Johnston, 1992; Serences et al., 2005) and the physical salience of stimuli (e.g., Theeuwes, 1992 Theeuwes, , 2010 . The idea that attentional capture can be uniquely driven by learned value (i.e., value-driven) is much more recent (Anderson, Laurent, & Yantis, 2011b) . In order to study value-driven attention, Anderson and colleagues (2011b) developed what has come to be referred to as the value-driven attentional capture paradigm, which utilizes a training phasetest phase design. Specifically, in the training phase, participants are provided (often monetary) rewards for finding feature (often color)-defined targets; participants then complete an unrewarded test phase in which the prior target-defining feature(s) are explicitly task-irrelevant. Critically, in the test phase, a non-target is rendered in the color of a formerly reward-predictive target (referred to as a valuable distractor) on some trials. Slowing of response time (RT) when the valuable distractors are present compared to distractor-absent trials is taken as evidence of attentional capture by the distractors (see Anderson, 2013) .
Value-driven attention has become a topic of great interest in the field, popularizing the use of the value-driven attentional capture paradigm (see Anderson, 2016b , for a recent review). However, the usefulness of this paradigm in measuring attentional capture that is value-driven, the very thing it purports to measure, has recently been questioned (Sha & Jiang, 2016) . Given the widespread use of the paradigm in attention research and the claims that rest on its assumptions, this is a serious criticism that demands careful consideration. The criticism has two primary components, which will be addressed in turn:
Does the presence of reward during training actually matter?
Without any explicit reward feedback, simply locating a target repeatedly over trials can give rise to attentional biases that mirror value-driven attention (e.g., Kyllingsbaek, Schneider, & Bundesen, 2001; Kyllingsbaek, Van Lommel, Sorensen, & Bundesen, 2014; Qu, Hillyard, & Ding, in press; Shiffrin & Schneider, 1977) . It was traditionally thought that such selection history biases require substantial training to develop, typically thousands of trials over multiple days (Kyllingsbaek et al., 2001 (Kyllingsbaek et al., , 2014 Shiffrin & Schneider, 1977) . However, statistically significant attentional biases for former targets have more recently been measured using much shorter single-session training, the length of which was more comparable to the length of training used in value-driven attentional capture studies (Lin, Lu, & He, 2016; Sha & Jiang, 2016; Wang et al., 2013) . If significant attentional biases can be measured without reward feedback following a single session of training, the question arises as to whether the reward feedback actually modulates attentional capture in the valuedriven attentional capture paradigm.
Earlier studies on value-driven attention were sensitive to this potential criticism (e.g., Anderson et al., 2011a Anderson et al., , 2011b , although rigorous tests of value-dependence were often lacking. No significant attentional capture was observed using an unrewarded but otherwise identical version of the valuedriven attentional capture paradigm in the original demonstration (Anderson et al., 2011b) , although it has been suggested that this could be the due to the study's small sample size (Sha & Jiang 2016) . Furthermore, a direct comparison between the (lack of) capture in the unrewarded version and the purportedly value-driven attentional capture in the rewarded version of the task was lacking (although see Reanalysis of Anderson et al. (2011b) 
section).
Other studies including an unrewarded version of the training phase were subsequently published, showing either no (Anderson, 2016c; Anderson et al., , 2014a Qi et al., 2013 ; see also Anderson, 2015b) or small but reliable (Wang et al., 2013) capture by former targets. In some studies, direct comparisons between rewarded and unrewarded training were shown to be significant (Anderson et al., 2011a; Roper & Vecera, 2016; Sali, Anderson, & Yantis, 2014; Wang et al., 2013) . However, in these studies with direct comparisons, modifications to the original paradigm were used, leading some to question the degree to which such findings might generalize to the specific conditions frequently used in the traditional implementation of the paradigm (Sha & Jiang, 2016) . Using a design similar to the original value-driven attentional capture paradigm (although, see General discussion for some differences), Sha and Jiang (2016) showed significant attentional capture by former target colors following unrewarded training that did not differ in magnitude from capture following otherwise equivalent rewarded training, compounding this potential criticism.
Does the magnitude of reward during training actually matter?
Perhaps the most clear-cut evidence that can be provided in favor of value-dependence should demonstrate a difference in the magnitude of attentional capture that parallels a difference in learned value between stimuli. If distractors previously associated with high reward capture attention to a greater degree than distractors previously associated with comparatively low reward, the difference between the two must be attributed to the difference in value. Both stimuli served as targets in the same context, such that target/selection history and even global motivational factors linked to the availability of reward (although see Sali et al., 2014 ) cannot explain any difference in capture.
However, the difference in capture between distractors of different specific values during training is notoriously small, especially in the most common implementations of the valuedriven attentional capture paradigm. Capture by the highvalue distractor is often in the order of 10-20 ms, leaving little room for variation along this metric (see Anderson, 2013) . The magnitude of the capture effect in general is perhaps unsurprising, as the value-driven attentional capture paradigm intentionally "stacks the deck" in favor of no capture by the distractor in order to make strong claims about automaticity. That is, the target is more physically salient than the distractor, whose defining feature is explicitly task-irrelevant and never (not even incidentally) coincides with the target (Anderson et al., 2011b) . This powerful design is perhaps what gives the paradigm its widespread appeal, but, as Sha and Jiang (2016) indicate, it can also create ambiguity in the interpretation of capture, particularly when the former criterion for value-dependence has not been explicitly met.
The original demonstration of value-driven attentional capture (Anderson et al., 2011b) did not contain a direct comparison of distractors of relative value (although see Reanalysis of Anderson et al. (2011b) section), relying instead on the unrewarded control condition. In certain other experiments utilizing this paradigm, the comparison was explicitly not significant (e.g., Anderson et al., 2013b; Laurent, Hall, Anderson, & Yantis, 2015) . However, many clear cases of value dependence have been observed using the training phase-test phase design along the lines of Anderson and colleagues (e.g., Anderson, 2015a , 2015b , 2016a , 2016b Anderson & Yantis, 2013; Anderson et al., 2011a Anderson et al., , 2016b Theeuwes & Belopolsky, 2012; Failing & Theeuwes, 2014; Hickey & Peelen, 2015; Jiao et al., 2015; Mine & Saiki, 2015; Moher, Anderson, & Song, 2015; Pool, Brosch, Delplanque, & Sander, 2014; Roper, Vecera, & Vaidya, 2014) , demonstrating a difference in attentional capture that corresponds with a difference in the learned value of the distractor; at least three of these studies have involved a near-identical replication of the original paradigm Jiao et al., 2015; Roper et al., 2014 ; see also Anderson et al., 2016c , for correlations between striatal dopamine and this measure of value-dependence). As Sha and Jiang (2016) point out, though, these compelling demonstrations use a variety of specific design features, dependent measures, reward manipulations, and study populations that differ from the original study of Anderson et al. (2011b) .
So, although the concept of value-dependence in the control of attention is robustly supported as a theoretical principle, the utility of the traditional value-driven attentional capture paradigm in its assessment (at least of college-age participants) can, understandably, be questioned. Given the widespread use of this paradigm and the claims that have been made on its basis, such criticism should be seriously considered, especially in light of Sha and Jiang's (2016) recent study, which failed to observe an influence of the relative value of the distractors on the capture of attention.
Rationale for the present study
Given the large number of studies that have rested their conclusions concerning value-dependence on the assumptions of the traditional value-driven attentional capture paradigm (see Anderson, 2016b) , we thought it necessary to firmly establish its ability to measure attentional capture that is truly valuedependent. To this end, we replicated the original valuedriven attentional capture study (Anderson et al., 2011b ; see also Anderson et al., 2014b ) with a larger sample size in an effort to establish whether a critical difference in capture between high-and low-value distractors is present. Evidence affirming such a difference would support the theory that learned value indeed contributes to the magnitude of capture observed for high-value distractors.
Experiment 1
Experiment 1 was a direct replication of the paradigm introduced by Anderson et al. (2011b) , with a larger sample size (n = 40). Given its substantially wider use in the field, we used the shorter version of the task (Experiment 3, 240 trials in each phase).
Methods
Participants Forty participants were recruited from the Johns Hopkins University community. All reported normal or corrected-to-normal visual acuity and normal color vision.
Apparatus A Mac Mini equipped with Matlab software and Psychophysics Toolbox extensions (Brainard, 1997) was used to present the stimuli on an Asus VE247 monitor. The participants viewed the monitor from a distance of approximately 50 cm in a dimly lit room. Manual responses were entered using a standard keyboard.
Training phase
Stimuli Each trial consisted of a fixation display, a search array, and a feedback display (Fig. 1A) . The fixation display contained a white fixation cross (.5°x .5°visual angle) presented in the center of the screen against a black background, and the search array consisted of the fixation cross surrounded by six colored circles (each 2.3°x 2.3°) placed at equal intervals on an imaginary circle with a radius of 5°. The target was defined as the red or green circle, exactly one of which was presented on each trial; the color of each non-target circle was drawn from the set {blue, cyan, pink, orange, yellow, white} without replacement. Inside the target circle, a white bar was oriented either vertically or horizontally, and inside each of the non-targets, a white bar was tilted at 45°to the left or to the right (randomly determined for each non-target). The feedback display indicated the amount of monetary reward earned on the current trial, as well as the total accumulated reward.
Design One of the two color targets (counterbalanced across participants) was followed by a high reward of 10¢ on 80% of correct trials and a low reward of 2¢ on the remaining 20% (high-reward target); for the other color target, these percentages were reversed (low-reward target). Each color target appeared in each location equally often, and trials were presented in a random order.
Procedure The training phase consisted of 240 trials, which were preceded by 50 practice trials. Each trial began with the presentation of the fixation display for a randomly varying interval of 400, 500, or 600 ms. The search array then appeared and remained on-screen until a response was made or 800 ms had elapsed, after which the trial timed out. The search array was followed by a blank screen for 1,000 ms, the reward feedback display for 1,500 ms, and a 1,000-ms inter-trial interval (ITI).
Participants made a forced-choice target identification by pressing the "z" and the "m" keys for the vertically-and horizontally-orientated bars within the targets, respectively. Correct responses were followed by monetary reward feedback in which a small amount of money was added to the participant's total earnings. Incorrect responses or responses that were too slow were followed by feedback indicating 0¢ had been earned. If the trial timed out, the computer emitted a 500-ms 1,000 Hz tone.
Test phase
Stimuli Each trial consisted of a fixation display, a search array, and a feedback display (Fig. 1B) . The six shapes now consisted of either a diamond among circles or a circle among diamonds, and the target was defined as the unique shape. On a subset of the trials, one of the non-target shapes was rendered in the color of a formerly reward-associated target from the training phase (referred to as the valuable distractor); the target was never red or green. The feedback display only informed participants if their prior response was correct or not.
Design Target identity, target location, distractor identity, and distractor location were fully crossed and counterbalanced, and trials were presented in a random order. Valuable distractors were presented on 50% of the trials, half of which were high-value distractors and half of which were low-value distractors (high-and low-reward color from the training phase, respectively).
Procedure Participants were instructed to ignore the color of the shapes and to focus on identifying the unique shape using the same orientation-to-response mapping. The test phase consisted of 240 trials, which were preceded by 20 practice (distractor absent) trials. The search array was followed immediately by non-reward feedback for 1,000 ms in the event of an incorrect response (this display was omitted following a correct response) and then by a 500-ms ITI; no monetary rewards were given. Trials timed out after 1,200 ms. As in the training phase, if the trial timed out, the computer emitted a 500-ms 1,000 Hz tone. Upon completion of the experiment, participants were paid the cumulative reward they had earned in the training phase.
Data analysis Only correct responses were included in the mean RT for each participant, and RTs exceeding 3 standard deviations (SDs) of the mean for each condition for each participant were trimmed. The RT trimming procedure resulted in the exclusion of 0.4% of trials.
Results
Training phase Mean RTs were 568 ms to high-value targets and 564 ms to low-value targets, which did not significantly differ, t(39) = -1.28, p = .207. Mean accuracy was 83.0% to high-value targets and 81.5% to low-value targets, which did not significantly differ, t(39) = 1.39, p = .171. Even when focusing analysis on the second half of trials, no reliable effects of reward were detected in either RT or accuracy (550 ms and 85.1% vs. 548 ms and 83.9% for high-and low-value targets, respectively, ts < 0.87, ps > .38).
Test phase Mean RTs for the distractor-absent, low-value, and high-value conditions were 688, 689, and 698 ms, respectively (see Fig. 2 ). An ANOVA revealed a main effect of distractor condition, F(2,78) = 4.48, p = .014, η 2 p = .103. RTs in the high-value distractor condition were significantly slower than RTs in both the distractor-absent, t(39) = 2.73, p = .009, d = .43, and critically, the low-value distractor conditions, t(39) = 2.30, p = .027, d = .36. Accuracy did not significantly differ by distractor condition (absent: 83.9%, low-value: 83.5%, highvalue: 82.9%), F(2,78) = 0.67, p = .517 (see Fig. 2 ).
Discussion
In contrast to the results of Sha and Jiang (2016) , but consistent with a large number of prior reports (e.g., Anderson, 2017 Anderson, c, 2016a Anderson et al., 2011a Anderson et al., , 2013a Anderson et al., , 2013b Anderson et al., , 2014b Anderson et al., , 2016b Miranda & Palmer, 2014; Roper et al., 2014) , reward did not significantly modulate performance in the training phase. However, and most critically, performance was significantly affected by the distractors in the test phase. Unlike in Sha and Jiang (2016) , clear value-dependence was observed in that a significant difference emerged between the high-value and low-value distractor conditions. The results provide direct support for the value-dependence of attentional capture as measured in the value-driven attentional capture paradigm.
Experiment 2a
Another means of establishing value-dependence is to demonstrate significantly weaker capture following training without reward feedback. Experiment 2a examined the role of selection history, divorced from prior reward, in biasing attention. Participants performed a task that was identical to that in Experiment 1, with the exception that no monetary reward feedback was provided (see Fig. 1C ).
Methods
Participants Forty new participants were recruited from the Texas A&M University community. All reported normal or corrected-to-normal visual acuity and normal color vision.
Experimental task The training phase was identical to that of Experiment 1, with the exception that the reward feedback display was removed. Instead, participants were only informed whether their prior response was incorrect or too slow. The test phase was exactly identical to that of Experiment 1.
Data analysis
The analysis parameters were identical to Experiment 1. The 3 SD RT cutoff resulted in the exclusion of 0.5% of trials.
Results
In the test phase, the mean RT was 674 ms in the distractorabsent condition and 673 ms in the distractor-present condition, which did not significantly differ, t(39) = -0.35, p = .731 (Fig. 2) . Furthermore, the magnitude of attentional capture by the high-value distractor in Experiment 1 was significantly greater than the magnitude of attentional capture by unrewarded former targets in the present experiment, t(78) = 2.29, p = .025, d = .51 (equal variances not assumed). Mean accuracy was 84.9% in the distractor-absent and 84.4% in the distractor-present conditions, which also did not significantly differ, t(39) = 0.75, p = .458.
One possibility is that reliable capture by prior target-color distractors did occur earlier in the test phase but had extinguished by its conclusion, masking a larger and more robust selection history effect. However, even when considering only the first half of trials, there was still no evidence of 
Discussion
Unlike Sha and Jiang (2016), we did not find evidence of attentional capture by former target-colored distractors following unrewarded training. Also unlike Sha and Jiang (2016) , a significant difference between the magnitude of attentional capture following rewarded compared to unrewarded training was observed. Our findings are further consistent with valuedependence in attentional capture (Anderson et al., 2011b) .
Experiment 2b
Experiment 2b aimed to provide an even stronger test of the role of selection history in the guidance of attention, at least to the degree that this influence might reflect a residual consequence of task goals misguiding selection. Following unrewarded visual search for a single target color, participants performed a second version of the same color-search task in which they now searched for a different color (see Fig. 1D ). Thus, in this version of the test phase, the stimulus displays looked essentially identical to those of the training phase (all colored circles), such that the former target could be easily mistaken for the current target if participants do not efficiently update their goals, providing a robust opportunity for residual goal-directed influences to misguide the participant.
Methods
Participants Forty new participants were recruited, 20 from the Johns Hopkins University community and 20 from the Texas A&M University community. All reported normal or corrected-to-normal visual acuity and normal color vision.
Experimental task The training phase was identical to Experiment 2a, except that the target was always the same color (red or green, counterbalanced across participants) and training lasted for 300 trials. The test phase was identical to the training phase, with the exception that the color of the target changed from red to green or vice versa, and one of the nontargets was rendered in the color of the prior target from the training phase on half of the trials (distractor-present trials, see Fig. 1D ).
Data analysis The analysis parameters were identical to Experiment 1. The 3 SD RT cutoff resulted in the exclusion of 1.5% of trials.
Results
Mean RT was 550 ms in the distractor-absent condition and 548 ms in the distractor-present condition of the test phase. As in Experiment 2a, this difference was not reliable, t(39) = -1.13, p = .266 (Fig. 2) , and was significantly smaller than the magnitude of attentional capture evident for high-value distractors in Experiment 1, t(78) = 2.95, p = .005, d = .66 (equal variances not assumed). Mean accuracy was 93% in the distractor-absent and 93.2% in the distractor-present conditions, which also did not significantly differ, t(39) = -0.30, p = .765. There was no evidence of capture by former targetcolor distractors even in the first half of trials (555 vs. 556 ms), t(39) = 0.16, p = .871.
Discussion
Even when the search goals of the training phase and test phase were designed to be maximally confusable, potentially facilitating the residual influence of a top-down control setting (Folk et al., 1992) , no evidence for perseverating attentional selection of the former target color was observed. Once again, Experiment 1 was found to have produced significantly greater distraction following training with rewards.
Reanalysis of Anderson et al. (2011b)
Combining across Experiments 1 and 3 of Anderson et al. (2011b) , in which a rewarded training phase was used, the difference between the high-and low-value distractors, which was not previously reported, was in fact statistically significant, t(49) = 2.19, p = .034, d = .31. Mean RTs for the distractor-absent, low-value, and high-value conditions were 666, 674, and 682 ms, respectively (Fig. 3) . Furthermore, the magnitude of attentional capture by the high-value distractor was significantly larger than the (non-significant) attentional capture by the former target-colored distractors in Experiment 2 of that study (unrewarded control), t(58) = 2.73, p = .016, d = .89 (equal variance not assumed). Thus, the original data provided by Anderson et al. (2011b) also meet the criteria for value-dependent attentional capture as outlined by Sha and Jiang (2016) .
General discussion
Across three experiments, we find clear statistical evidence for value-dependence using each of the two criteria advocated by Sha and Jiang (2016) . This was further confirmed by a reanalysis of the original Anderson et al. (2011b) data. We therefore conclude that the traditional implementation of the valuedriven attentional capture paradigm is indeed an appropriate means of assessing value-driven attentional processes, and that the reward manipulation in this paradigm plays an important role in determining subsequent behavioral performance. In the remainder of the General discussion, we will explore considerations arising from the findings of Sha and Jiang (2016) that the present study speak to, along with broader considerations concerning the use of the value-driven attentional capture paradigm.
Lessons from Sha and Jiang (2016) Although the evidence for value-dependence is now substantial, as described above and further supported in the context of the original value-driven attentional capture paradigm in the present study, the negative findings of Sha and Jiang (2016) highlight a broader issue that demands consideration in the value-driven attention literature. Namely, purely valuedependent effects on attention are often subtle, at least under circumstances in which physically non-salient and completely task-irrelevant distractors are used (as is the case in the most popular implementation of the paradigm). While it is possible that the null findings of Sha and Jiang (2016) reflect Type II error, it would be disadvantageous not to examine differences between experiments that might have contributed to reduced sensitivity to value-dependent effects. We explore some of these possibilities here.
Reward manipulation The overall amount of reward offered in the experiments of Sha and Jiang (2016) was noticeably reduced compared to typical methods employed in the value-driven attention literature. The magnitude of cumulative reward in their study amounted to a US$2-4 bonus that was spread out over a greater number of trials than the approximately US$13 earned by participants in the present study. Participants in Sha and Jiang (2016) also included those recruited for experiment credit compensation, meaning that some of these participants may have been less concerned about the magnitude of their earnings compared to individuals for whom monetary compensation was the only incentive, as in the present study. Although it is clear that the magnitude of value-driven attentional capture does not scale with the raw magnitude of rewards and instead appears to be more sensitive to relative value (i.e., high vs. low; see Anderson, 2016b) , it may be the case that rewards need to reach a certain minimal threshold before reliable consequences on the development of attentional bias can be measured. This may be especially the case when converting points to money, as was done in Sha and Jiang (2016) , which adds a layer of abstraction.
Unrewarded control condition Attentional capture by previously unrewarded target features was substantially larger in Sha and Jiang (2016) than in the present study and in several other studies using a similar paradigm (Anderson, 2017 a; Anderson et al., 2011a Anderson et al., , 2011b Anderson et al., , 2014a Qi et al., 2013; Roper & Vecera, 2016; Wang et al., 2013 see also Anderson, 2015b; Sali et al., 2014) . There are a few differences in the experimental protocol that might explain the unusually high sensitivity to attentional capture based entirely on selection history in Sha and Jiang (2016) that are worth noting. First, training lasted 768 trials in the unrewarded version of their training, more than three times greater than the typical implementation of the value-driven attentional capture paradigm (240 trials; see Sali et al., 2014 for even fewer). Such an increase in the length of training may have strengthened reward-independent habit learning to levels not typically seen in the value-driven attention literature (although see Experiment 2 of Anderson et al., 2011b) . To maximize the robustness of value-dependent effects across rewarded and unrewarded training, it might be advisable to limit unrewarded training to levels sufficient to produce significant attentional capture by high-value distractors, which is no more than 240 trials (the number used in the most common implementation of the paradigm). Additionally, in considering a comparison between rewarded and unrewarded attentional capture, it is certainly advisable not to use longer training for the unrewarded compared to the rewarded version of the task, as was the case in one pair of experiments that were compared in Sha and Jiang (2016) . Another potential factor contributing to enhanced attentional capture following unrewarded training in Sha and Jiang (2016) was the nature of the performance feedback. In typical implementations of the paradigm, participants are simply informed via text feedback if their response was incorrect. In Sha and Jiang (2016) , a voice recording additionally told participants their response was wrong and that they should try to be accurate. The increased salience of this feedback may have accentuated the association of target color with internal reward (negative reinforcement) and/or punishment signals evoked in response to the feedback, producing capture that was not a pure reflection of selection history per se.
Finally, in the unrewarded experiment of Sha and Jiang (2016) , the test phase was performed the day following training. This was not the case in prior unrewarded control experiments performed in the value-driven attention literature. The consequences of this spacing are not known, but it could facilitate memory for former targets via consolidation with sleep.
Time pressure The present study utilized a stringent time-out criterion (1,200 ms in the test phase) that encouraged fast responses. The reduced overall accuracy and faster RTs in the present study compared to Sha and Jiang (2016) attests to the added difficulty associated with this design feature, which was employed in the original demonstration of valuedriven attentional capture (Anderson et al., 2011b) and has been subsequently adopted in many other implementations of the paradigm. In the oculomotor capture literature, attentional capture is most prominent on fast response trials (e.g., van Zoest, Donk, & Theeuwes, 2004) , including in the case of value-driven attentional capture (Pearson et al., 2016) . For studies looking to measure value-dependence, implementing this design feature may be advantageous.
Other design considerations
Since the study was originally reported, many variations on the value-driven attentional capture paradigm have been explored. Several of these may be useful in improving sensitivity to value-dependent effects on attention. Here, we briefly draw reference to a few of these variations.
Low-value or unrewarded targets Robust value-dependent effects have been observed when a high-reward target is paired with a target that never yields reward during the same training phase (e.g., Failing & Theeuwes, 2014; Pool et al., 2014) . This previously unrewarded target is still experienced in the context of visual search in which rewards are available, equating broad contextual effects of reward-related motivation. Swapping an unrewarded target for the low-value target in the design employed by the present study might produce more robust value-dependence (i.e., comparison of high-value vs. previously unrewarded former target color in the same experiment).
Eye movements as a dependent measure Although most studies of value-driven attention have employed performance-related measures of attentional capture as in the present study and Sha and Jiang (2016) , several have included eye-tracking measures as well (e.g., Failing et al., 2015; Le Pelley et al., 2015; Theeuwes & Belopolsky, 2012) . Reflecting ballistic responses that provide a direct window into spatial selection, the probability of a saccade landing on or near a distractor has proven a highly reliable measure of value dependence that may have advantages over performance measures such as response time and accuracy. A similar argument regarding sensitivity to spatial selection can be made concerning studies that adopt a spatial cuing approach in which the cues can be rendered in a previously reward-associated feature (e.g., Failing & Theeuwes, 2014; Pool et al., 2014) ; however, this approach has a disadvantage in that the previously reward-associated stimulus sometimes predicts the target location, reducing the strength of claims that can be made concerning the automaticity of selection.
Study sample considerations Value-driven attentional capture has been shown to be more robust in individuals who are more impulsive (Anderson et al., 2011b ; see also Anderson et al., 2013a; Qi et al., 2013) , including individuals with substance abuse issues (see Anderson, 2016d , for a review), and much less robust in individuals who are depressed (Anderson et al., 2014b) . It might be useful for studies of value-driven attention to measure and account for such variability, potentially as a covariate.
Considerations regarding the use of a separate training and test phase Although the results of the present study support the validity of the traditional value-driven attentional capture paradigm, it is not the only paradigm available for studying value-dependent attention. Another paradigm has recently been developed that measures value-dependent effects on attention while circumventing selection history effects altogether (Le . In this paradigm, task-irrelevant distractors predict the reward outcome for correctly identifying the target. These distractors similarly come to capture attention, even though participants have never been explicitly rewarded for selecting them. If attentional capture in the value-driven attentional capture paradigm reflects some combination of value-dependent effects and selection history effects, and is perhaps particular to their interaction, why not just avoid the complexity entirely in favor of a purer measure of value-dependence?
There are at least three salient reasons why the training phase-test phase design should remain a powerful tool in the study of value-driven attention. The first involves its translational appeal. In everyday life, reward and goals are intricately linked: we pursue that which we find rewarding. Most reward learning happens in the context of goal-directed behavior. Value-driven attention, as measured using the training phasetest phase model, speaks to such broadly applicable learning processes. This can be prominently seen in the case of drug addiction, in which drug use is initially a voluntary and goaldirected behavioral process. Attentional biases for drug cues mirror value-driven attentional biases following non-drug reward learning very closely (Anderson, 2016d) .
The second reason involves the pure and compelling test of automaticity provided by the test phase. The previously reward-associated distractor is in every way task-irrelevant and decoupled from current reward considerations, and can also be made to be otherwise intrinsically non-salient (i.e., physically inconspicuous) aside from its training history (Anderson et al., 2011b) . This contrasts with a single-phase approach involving task-irrelevant but reward-predictive distractors , which by their predictive nature possess some degree of relevance, pertinence, or informational value. In the typical implementation of the singlephase paradigm, the distractors are also physically salient, pairing reward with a corresponding automatic orienting response and confounding salience-dependent effects with value-dependent effects (e.g., Bucker, Belopolsky, & Theeuwes, 2015; Le Pelley et al., 2015; Pearson et al., 2015 Pearson et al., , 2016 ; when the distractors are non-salient, it appears that participants need to be explicitly informed of the relationship between reward and color, further suggesting that actively monitoring for reward-predictive information may play a role (Failing, Nissens, Pearson, Le Pelley, & Theeuwes, 2015 ; see also Munneke, Belopolsky, & Theeuwes, 2016) .
The third reason why the training phase-test phase model provides a powerful tool in the study of value-driven attention concerns its flexibility in measuring a range of automatic biases. Because the distractors are entirely task-irrelevant, they can be implemented in basically any task, including tasks that examine response biases ; see also Krebs, Boehler, Egner, & Woldorff, 2011; Krebs, Boehler, & Woldorff, 2010; Anderson, 2017 b, for a review) . This allows for a broader assessment of the impact of value-driven attention on information processing, and also allows for assessment of generalizability across contexts and situations Anderson, 2015a Anderson, , 2015b as well as the enduring nature of the learning (which is only possible under conditions of extinction; Anderson & Yantis, 2013) .
We would conclude that each of these two paradigms provides a unique and valuable window into value-dependent attention, and that the choice of which paradigm to use should depend on the specific hypothesis under investigation. If the hypothesis is specifically concerned with separating valuedependent influences from broader consequences of selection history, or examining the consequences of reward learning on attention as the learning process unfolds, then the single-phase model introduced by Le Pelley and colleagues (2015) is the best choice. If the hypothesis involves making strong claims about automaticity, about purely history-related priority (independent of physical salience), or involves questions concerning broader consequences of learning (e.g., robustness to extinction, generalizability, extension to biases in other information processing domains), the training phase-test phase model offers distinct advantages. The training phase-test phase model may also have broader translational potential, for example, to our understanding of addiction-related processes (Anderson, 2016d) , although the translational utility of the single-phase model has not yet been thoroughly examined as the paradigm is newer. To the degree that performance in these two paradigms offers similar insights into psychopathology and other real-world behaviors, this would further argue that they are predominantly measuring the same (value-dependent) attentional process. A hybrid approach, involving training as in the single-phase model and a test phase as in the present study, combines certain strengths of each of these paradigms (see Mine & Saiki, 2015) .
Power considerations
Using the effect size measures from the present study (pooling across Experiment 1 and the reanalysis of Anderson et al., 2011b) , a sample size of 40 yields power of β = .55 to detect a difference between the high-and lowvalue distractor conditions using a two-tailed test at α = .05, and β = .85 to detect a difference in the magnitude of capture following rewarded and otherwise equivalent unrewarded training as in Experiment 2A. The effect size for the at times elusive high-versus low-value distractor comparison is in the medium-to-small range, which contrasts with the highly robust measures of contingent attentional capture (Folk et al., 1992) and stimulus-driven attentional capture (Theeuwes, 1992 (Theeuwes, , 2010 ) that attention researchers may be more familiar with, and as a result many value-driven attention studies have been underpowered to detect this measure of value-dependence. The more ambiguous but more robust comparison between the high-value distractor present and distractor absent conditions yields substantially greater power, β = .98; the power difference between the high-value versus absent and high-versus lowvalue distractor conditions might contribute to several of the ambiguities in the literature raised by Sha and Jiang (2016) . Power to detect uniquely value-dependent effects might be enhanced by implementing some of the design features described in the Other design considerations section above.
Conclusions
In conclusion, the value-driven attentional capture paradigm provides a useful tool for measuring the effects of reward learning on involuntary attentional capture. Attentional capture, as measured in this paradigm, is not reducible to target history effects divorced from reward feedback and related learning. The training phase-test phase model used by this paradigm provides a unique window into value-based attention that should continue to be leveraged to further our understanding of reward-related attentional processes. Experimental design and statistical power considerations should be taken into account in order to maximize the ability to detect unequivocally value-dependent effects.
